Interactions between cells bearing oncogenic mutations and the surrounding microenvironment, and cooperation between clonally distinct cell populations, can contribute to the growth and malignancy of epithelial tumors. The genetic techniques available in Drosophila have contributed to identify important roles of the TNF-α ligand Eiger and mitogenic molecules in mediating these interactions during the early steps of tumor formation. Here we unravel the existence of a tumor-intrinsic-and microenvironment-independentself-reinforcement mechanism that drives tumor initiation and growth in an Eiger-independent manner. This mechanism relies on cell interactions between two functionally distinct cell populations, and we present evidence that these cell populations are not necessarily genetically different. Tumor-specific and cell-autonomous activation of the tumorigenic JNK stress-activated pathway drives the expression of secreted signaling molecules and growth factors to delaminating cells, which nonautonomously promote proliferative growth of the partially transformed epithelial tissue. We present evidence that cross-feeding interactions between delaminating and nondelaminating cells increase each other's sizes and that these interactions can explain the unlimited growth potential of these tumors. Our results will open avenues toward our molecular understanding of those social cell interactions with a relevant function in tumor initiation in humans.
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tumor microenvironment | chromosomal instability | epithelial tumor | Wingless | JNK C ancer development is a multistep process that involves altered cellular signaling, resulting in limitless replicative potential of the cells, evasion of apoptosis, tissue invasion, and metastasis (1) . Carcinomas, tumors of epithelial origin, are often associated with inflammatory cells and activated fibroblasts, the tumor microenvironment (TME), which plays a critical role in cancer progression and in the colonization of target tissues (reviewed in ref. 2) . These tumors are genetically heterogeneous, and intratumor cooperation between different subclonal cell populations can also contribute to the growth of these tumors (reviewed in ref. 3) .
In recent decades, Drosophila models of epithelial tumors have been shown to reproduce key aspects of cancer development and have become useful model systems to characterize the cellular and molecular determinants that initiate tumorigenesis (reviewed in ref. 4) . The epithelial primordia of the adult ectoderm, the socalled imaginal discs, provide the advantage that individual cells can be tracked, and the tissue can be manipulated genetically in temporal and spatial manner. In malignant neoplastic tumors of epithelial origin, activation of the c-Jun N-terminal kinase (JNK) stress cascade plays a tumor-suppressing or a tumor-promoting role depending on the activity of the apoptotic pathway (5) (6) (7) . In neoplastic tumors resulting from mutations in the tumor suppressor genes scribbled (scrib) or discs large 1 (dlg1), encoding for cell polarity determinants, JNK activates the apoptotic program and induces the removal of transformed cells from the tissue, thus limiting tumor growth (6) (7) (8) . By contrast, in those tumors in which the apoptotic pathway is being inhibited, thus mimicking an important hallmark of human cancer (1), sustained activation of JNK becomes tumor-promoting. Activation of a JNK-dependent transcriptional program in these tumors induces the expression of a collection of well-defined target genes that contribute to driving unlimited growth, malignancy, and metastatic behavior (8) (9) (10) (11) (12) . The genetic techniques available in Drosophila have unraveled how interactions between clones of cells bearing oncogenic mutations and the surrounding WT epithelium contribute to JNK activation, tumor growth, and malignancy, and have identified a major role of the TNF-α ligand Eiger and its receptor Grindelwald (Grnd) in mediating these interactions (13) (14) (15) (16) . Moreover, intratumor cooperation between clonally distinct cell populations can also contribute to the growth of these tumors (17) .
Epithelial tumors generated in larval primordia are embedded in the open circulatory system of the fly and are infiltrated by circulating immune cells [hemocytes (5, 18) ] and associated with resident mesenchymal cells [myoblasts (19) ]. These two cell populations are also part of the TME and are amplified by cell proliferation as a response to the expression of mitogenic molecules produced by tumor cells (18, 19) . In tumors resulting from mutations in scrib or dlg1, attached hemocytes restrict growth by limiting basement membrane disruption (18) and enhancing JNK-mediated removal of transformed cells by apoptosis (5) . By contrast, proliferating myoblasts promote epithelial transformation in tumors resulting from the oncogenic cooperation between the EGF receptor and loss of epigenetic factors (19) .
Here we have used two well-defined JNK-driven Drosophila neoplastic tumor models of epithelial origin to address the relative contribution of TME-independent and tumor-intrinsic mechanisms to the unlimited growth potential of these tumors. We used the GAL4/UAS system to drive tumorigenesis in large Significance Progression of epithelial tumors and successful colonization of target tissues rely in many cases on the presence of the tumor microenvironment (TME), which acts as a niche to provide secreted signaling molecules and growth factors to tumor cells. Here we used Drosophila to show that the TME is not an absolute requirement for the growth of epithelial tumors caused by chromosomal instability (CIN) or compromised cell polarity. Instead, tumor growth is driven by a feedback amplification loop between two well-defined-but not necessarily genetically different-tumor cell populations. As CIN or impaired cell polarity are frequently observed in human tumors of epithelial origin, our results will provide insight to the mechanistic understanding of their unlimited growth potential.
territories, thus reducing interactions with surrounding WT epithelial cells and generating genetically homogenous tumor-like structures. We combined allograft transplantations and two independent transactivation systems to demonstrate that JNK activation and tumor initiation in these models are largely unaffected by the genetic ablation of circulating immune cells and resident mesenchymal cells. Our data also indicate that JNK activation and tumor growth do not depend on the activity of Eiger, the Drosophila TNF-α (20, 21) , and its receptor Grnd (14) . We unravel the use of cell-autonomous and tumorspecific molecular mechanisms to activate a common JNK kinase (JNKK)/JNK core signaling pathway that induces a shared transcriptional program to initiate tumorigenesis. Our results support the proposal that intratumor social interactions between functionally distinct cell populations can drive unlimited growth in the absence of the TME. Remarkably, these two cell populations are not necessarily genetically different, as opposed to the cooperation between clonally distinct cell populations reported in vertebrate and invertebrate tumor models (3, 4) . We propose that the previously reported roles of the TME and Eiger in tumorigenesis are mainly restricted to mediating interactions between tumor-initiating and surrounding WT epithelial cells (13) (14) (15) (16) .
Results
Two Molecularly Distinct Tumor Models, Three Cell Populations, and Eiger Expression. We selected two different epithelial tumor models that rely on the activation of JNK and the transcriptional induction of a common set of target genes responsible for their high mitotic activity and metastatic behavior and for causing malignancy to the host. The first model, the chromosomal instability (CIN) model, is based on the protumorigenic action of CIN, a high rate of gain or loss of whole chromosomes or parts of them (22) . Depletion of the spindle assembly checkpoint (SAC) by means of GAL4-mediated expression of RNAi forms of the SAC genes bub3 or rod causes chromosome segregation errors, and the resulting aneuploid cells, cells with extra or missing chromosomes, delaminate from the tissue and activate the JNK transcriptional program that induces apoptosis (23) . Blockade of the apoptotic program by expressing the baculovirus protein P35, which binds and inhibits the activity of effector caspases Dcp1 and DrIce (24) , leads to activation of JNK in aneuploid cells and to the robust transcriptional induction of JNK-regulated target genes with a role in driving tumorigenesis (25) . Ectopic expression of mitogenic molecules, such as Wingless (Wg) and IL-6-like Upd cytokines, contributes to tumor growth, whereas ectopic expression of matrix metalloproteinases (MMPs; Fig. 1B ) results in basement membrane degradation. The second model system, the polarityimpaired model, is based on the conserved oncogenic cooperation between the activated form of Ras (Ras-V12) and the loss of polarity determinants scrib and dlg1 (7, (26) (27) (28) (29) . Whereas GAL4-mediated expression of Ras-V12 induces hyperplastic growth by increasing the expression of the growth-promoting protooncogene dMyc and driving G1-S transition (30) , reduction in the expression levels of scrib or dlg1 by the use of mutant alleles or RNAi forms leads to neoplasia, JNK activation, and, again, robust transcriptional induction of JNK-regulated genes with a role in driving tumorigenesis, such as Wg, Upd cytokines, and MMPs ( Fig.  1B) (7, 12, 26) . The growth potential of these two tumor models can be easily quantified and visualized in allograft experiments in which a small piece of the tumor (i.e., implant) is able to regenerate a solid tumor in the abdomen of female adult hosts several days after implantation ( Fig. 1 A and E) . In these allografts, the growth capacity of WT tissues is shown to be limited, and JNK is not induced (Fig. 1E) . Remarkably, CIN and polarity-impaired tumors induce the amplification of the resident myoblast population, which can be marked by the expression of Cut ( Fig. 1 C  and F) (31) or Twist (Fig. S1 ) transcription factors. These two models also share a strong capacity to attract circulating hemocytes, labeled by the expression of Nimrod C1 [NimC1; a phagocytosis receptor used as a marker of the most abundant type of hemocytes, the plasmatocytes (32); Fig. 1 D and G] . Progression to neoplasia in CIN and polarity-impaired tumors rely on the activation of JNK and on a collection of transcription factors that induce a tumorigenic transcriptional program (10) . Eiger, the unique member of the TNF superfamily of ligands in Drosophila (20, 21) , activates the JNK signaling pathway by binding to the TNF-α receptor Grnd (14) , and has been proposed to play a tumorpromoting role in the presence of Ras-V12 (5). Interestingly, expression of Eiger, visualized by the use of two different reporter constructs and an antibody (Materials and Methods), was observed in the myoblast population of WT and CIN and polarity-impaired wing primordia ( (33). We observed that Eiger expression was also induced in hemocytes from the host that were attached to the allografted tumors (Fig. 2H ). Based on these observations, the potential role of TME cells in tumor initiation and the requirement of Eiger for JNK activation will be analyzed.
JNK Activation and Tumor Growth in the Absence of Hemocytes. We first analyzed the contribution of hemocytes to tumor initiation. For this purpose, we performed allograft transplantations into the abdomen of adult females and analyzed JNK activation and growth of these allografts upon genetic ablation of adult hemocytes. Females carrying the hemocyte-specific hemese-GAL4 (he-GAL4) driver, the tub-GAL80ts transgene, and the UAS-GFP and UASreaper constructs were used as hosts. The temperature-sensitive GAL80 (GAL80ts) molecule, which represses GAL4 transcriptional activity at low temperatures (18°C) (34) , was used to control expression of the proapoptotic gene reaper by shifting the animals from 18°C to 29°C a few hours before allograft transplantation. Adult females carrying the he-GAL4 driver and the UAS-GFP transgene were used as controls. We also used the GAL80ts molecule and the temperature shifts to initiate transgene expression and tumorigenesis in larval tissues when they had been transplanted into the adult abdomen. As a proof of concept, larval wing primordia raised at 18°C and containing the ap-GAL4 driver and the tub-GAL80ts and the corresponding UAS transgenes showed no overgrowth phenotype and no obvious effect on JNK activation, as monitored by the expression of the JNK target Drosophila matrix metalloproteinase 1 (dMMP1) ( Fig. 3A ; note the endogenous and JNK-independent expression of dMMP1 in the trachea marked by arrows). Very few hemocytes, if any, were observed in these wing discs (Fig. 3A , arrowheads). As depicted in Fig. 3B , a small piece of these wing discs was transplanted into the abdomen of adult hosts that were then maintained at 29°C to initiate transgene expression. Note that the implanted piece consists mainly of cells expressing the tumor-initiating transgenes. The implanted tissues were dissected and processed for immunofluorescence after a period of 5 or 12 days for the CIN and polarityimpaired tumor models, respectively. Initiation of transgene expression in the transplanted tissues drove tumor growth (Fig. 3 C and G), induced a 1,000-fold increase in tissue size (Fig. 3M) , and activated JNK, as monitored by the expression of dMMP1 ( Fig. 3 D′ and H′) . Interestingly, these tumors recruited a large number of circulating hemocytes of the adult host, labeled by the expression of GFP (Fig. 3 D and H) or by the expression of NimC1 (Fig. 3 I and I′) . Recruited hemocytes expressed Eiger (Fig. 2H) , engulfed cell debris coming from the tumor (labeled by MyrT; Fig. S2 ), and deposited collagen IV (labeled by the Viking-GFP fusion protein), a fundamental element of epithelial basement membranes (Fig. S2) . When the hemocyte cell population was ablated by the expression of reaper (Fig. 3 E, F , and J-L), initiation of transgene expression in the transplanted tissues was also able to drive tumor growth (Fig. 3 E, F , J, and K) and JNK activation ( Fig. 3 F′ and K′) . Surprisingly, JNK activation and tumor size were both unaffected by the absence of hemocytes (quantified in Fig. 3M ), but the amount of collagen IV deposited in the tumor was clearly reduced (Fig. S2) . Altogether, our results indicate, as previously shown (18) , that hemocytes deposit collagen IV in the tumor, most probably to reconstitute the basement membrane, and they engulf cellular debris. However, our data indicate that these hemocytes are not an absolute requirement for tumor initiation and JNK activation in CIN and polarity-impaired tumor models. Myoblasts play a critical role in EGFR-driven epithelial tumors by providing secreted factors that enhance tumor growth (19) . As we observed that this population is also the major source of Eiger expression in CIN and polarity-impaired tumors (Fig. 2) , we next addressed the potential contribution of the myoblast population to JNK activation and tumor initiation. The GAL4/UAS and lexA/lexO systems were combined to induce tumor formation in epithelial cells and simultaneously ablate the myoblast population by the expression of the proapoptotic gene reaper. We used the myoblastspecific 15B03-lexA driver for this purpose (Fig. 4G) (19) . Myoblasts were marked in all experiments by the expression of the Twist transcription factor. As expression of reaper under the control of the 15B03-lexA driver was not able to genetically ablate these cells in CIN and polarity-impaired tumors using the ap-GAL4 driver (Fig. S3 and SI Results), we switched to the hh-GAL4 driver, whose expression is restricted to epithelial cells. In this case, in both WT wing discs and CIN and polarity-impaired tumors, MyrT is not expressed and dMMP1 is not induced under these circumstances. Arrow points to the endogenous expression of dMMP1 in the trachea and arrowheads point to a few hemocytes recruited to control wing primordia. (B) Cartoon showing the allograft-transplantation protocol. Wing primordia carrying CIN or scrib-i; Ras-V12 transgenes under control of the ap-GAL4 driver, and silenced with the GAL80ts factor, were dissected from L3 larvae raised at 18°C, cut into small pieces, and injected into the abdomen of young adult females. Fly hosts were then transferred to a temperature of 29°C to induce transgene expression. (C, E, G, and J) Micrographs of adult flies carrying MyrT-labeled (red) implants of the indicated genotypes and expressing GFP (green) under the he-GAL4 driver. Host flies were maintained at 29°C to induce transgene expression; images were taken 5 days (G and I) or 12 days (C and E) after implantation; ratios indicating the reproducibility of the phenotype are shown. In E and J, host flies expressed the proapoptotic gene reaper under the control of the he-GAL4 driver. 15B03-lexA-driven reaper expression was able to deplete the whole myoblast population (Fig. 4 D-F) . We observed that JNK activation and tumor size were both unaffected by the absence of myoblasts (Fig. 4 A-F; quantified in Fig. 4H ). These results indicate that JNK-driven tumor-like overgrowth in CIN and polarityimpaired tumors is largely independent of the tumor-associated myoblasts. Interestingly, tumor growth and JNK activation were still observed upon simultaneous depletion of the myoblast and hemocyte cell populations (Fig. S2) .
JNK Activation and Tumor Growth in the Absence of Eiger. Based on the aforementioned results indicating that TME cells-recruited hemocytes and resident myoblasts-do not have any impact on tumor initiation and JNK activation in CIN and polarityimpaired epithelial tumors, we next addressed the functional role of the ectopic expression of Eiger observed in epithelial cells (Fig. 2 D-F and Fig. S1 ). For this purpose, we depleted Eiger in CIN and polarity-impaired tumors by the use of an RNAi form against eiger or by inducing clones of cells homozygous for a null allele of eiger (eiger 3 ) (21). JNK activation, monitored by the expression of dMMP1, and the resulting tissue overgrowth were both largely unaffected by the coexpression of eiger-RNAi together with the tumor-inducing transgenes (Fig. 5 A, B , F, and G; quantified in Fig. 5 C and H) . Consistent with these results, JNK activation was still observed in clones of cells mutant for eiger and expressing the CIN and polarity-impaired tumor-inducing transgenes (Fig. 5 D, E, I , and J). We next induced CIN and polarity-impaired tumors upon removal of Eiger in the whole animal by driving the tumor-inducing transgenes in eiger 1 mutants (eiger 1 is a null allele of eiger) (21) . Complete loss of Eiger activity did not have any impact on JNK activation or tumor growth (Fig. 6 A-D ; quantified in Fig. 6O ). Eiger drives JNK activation in epithelial cells through its recently identified receptor Grnd (14) . JNK activation and tumor growth were largely unaffected by targeted depletion of Grnd in epithelial cells with a grnd-RNAi form (Fig. 6 E-H; quantified in Fig. 6P ) or by removal of Grnd in the whole animal by the use of a grnd MI05292 mutant allele (Fig. 6 I-L; quantified in Fig. 6Q ). JNK activation in clones of cells expressing the tumor-inducing transgenes was also still observed upon grnd depletion, albeit at lower levels ( Fig. 6 M and N, white arrows) . We noticed that the capacity of grnd depletion to reduce the levels of JNK activation was stronger in clones of cells expressing the tumorinducing transgenes in the eye primordia (Fig. S4) (14) . The (myo-lexA) driver. Anterior (marked as "A") and posterior (marked as "P") compartments are marked. hh-GAL4 drives expression to posterior cells, and Ci labels the anterior compartment. Arrows in A and D point to the endogenous expression of dMMP1 in the trachea of WT primordia. Note in B, C, E, F (Right) the ectopic expression of dMMP1 in the posterior compartment. Some background staining is observed in the folds of the anterior compartment in some discs (e.g., E). (g) Notum of a larval wing primordium expressing CD2-GFP (green) under the control of the myo-lexA driver and stained for DAPI (blue) and Twist (red). (Scale bars, A-F, 50 μm; G, 30 μm.) (h) Histogram plotting the ratio between the size of the posterior (marked as "P") compartment (labeled by the absence of Ci in A-F) and the total size (marked as "T") of wing discs of the indicated genotypes. Error bars indicate SD (n > 6 in all cases). No statistical difference (ns) in posterior compartment to total wing primordia (P/T) ratio was observed upon depletion of the myoblast population in the two tumor models [P(rod-i, p35) = 0.83, and P(Ras-V12, dlg1-i) = 0.1139]. happen in the absence of Eiger and Grnd activities, and suggest that JNK activation in these tumors is most probably a cellautonomous process.
Dissecting the Molecular Mechanisms Underlying JNK Activation. In vertebrate and invertebrate tissues, the conserved JNK pathway integrates signals from a diverse range of stimuli to elicit an appropriate physiological response. Within the Drosophila JNK cascade, JNKK/Hemipterous (Hep) phosphorylates JNK/Basket (Bsk) to activate, also by phosphorylation, the AP1 transcriptional complex. Upstream of Hep, different JNKK kinases have been identified in Drosophila, including Tak1, Ask1, and Wallenda (Wnd). Tak1 is involved in Eiger/Grnd-mediated JNK activation by binding to Traf2, a member of the TNF receptor-associated factor (TRAF) protein family (14) . Consistent with these results, depletion of Grnd or Traf2 by RNAi, or expression of a kinasedead isoform of Tak1 that acts as a dominant-negative version of the kinase (Tak1-DN) (35) , in wing discs overexpressing Eiger rescued JNK activation, monitored by the expression of dMMP1 (Fig. 7A) . By contrast, depletion of Traf2 or Tak1 activities did not reduce the levels of JNK activation of CIN and polarity-impaired tumors (Fig. 7 B and C) , reinforcing our results unraveling the Eiger/Grnd-independent activation of JNK in these tumors. We observed that loss of Wengen (Wgn), which was identified as the first Drosophila TNF receptor (36) and was recently shown to be dispensable for Eiger-induced JNK activation in epithelial cells and RAS-induced tumorigenesis (14), did not rescue JNK activation in CIN tumors either (Fig. 7B) . CIN tumors bear a large number of aneuploid cells, and the production of radical oxygen species (ROS) in these cells, most probably as a consequence of metabolic stress, contributes to JNK activation (25) . A potential JNKK kinase able to phosphorylate Hep and activate Bsk in CINinduced aneuploid cells is Ask1, as it is directly regulated by ROS through its binding to thioredoxin (37) . Whereas the reduced version of thioredoxin binds Ask1 and suppresses its kinase activity, its ROS-induced oxidized version dissociates from Ask1, which becomes active. Interestingly, expression of a kinase-dead mutant form of Ask1, acting as a dominant-negative version of the kinase (Ask1-DN) (38) , was able to rescue JNK activation in CIN tumors (Fig. 7B) . The JNKK kinase Wnd has been identified as an important molecular link that mediates loss of cell polaritytriggered JNK activation (39) . Expression of a kinase-dead form of Wnd (Wnd-DN) (40) largely rescued JNK activation in polarity-impaired tumors (Fig. 7C) . Interestingly, a kinase-dead version of Bsk (Bsk-DN) (41), a hypomorphic allele of hep (hep   75 ), or overexpression of Puckered, a phosphatase that inactivates Bsk, were all able to rescue JNK activation in wing discs overexpressing Eiger and in CIN and polarity-impaired tumors (Fig. 7 A-C) (8, 12, 23) , implying that the core Hep/Bsk/Puc module integrates signals from different stimuli. By contrast, the JNKK kinases Tak1, Ask1, and Wnd are the ones sensing context-dependent stimuli, as the capacity of dominant-negative versions of these three kinases to block JNK activation was restricted to Eiger overexpression and CIN and polarity-impaired tumors, respectively (Fig. 7 A-C) . All together, these results reinforce the tissueautonomous character of JNK activation in CIN and polarityimpaired tumors and unravel different cell-autonomous routes to activate JNK in a tumor-specific manner (Fig. 7D) .
A Tumor-Intrinsic Mechanism Confers Unlimited Growth Potential.
We next characterized the mechanistic basis underlying the TME-independent growth potential of CIN and polarityimpaired tumors and the types of intratumor cell interactions involved. Remarkably, the gene-expression program promoting malignancy as well as the molecular and cellular mechanisms underlying CIN-induced tumor growth resemble those caused by the cooperative action of RAS oncogene activation and mutations in the scrib or dlg1 tumor-suppressor genes (7-10, 12, 25, 26, 42, 43) . Loss of cell-polarity determinants or CIN-induced aneuploidy induces cell delamination, and delaminating cells express mitogenic molecules like Wg (the Drosophila ortholog of mammalian Wnts) and IL-6-like Upd cytokines, which activate the JAK/STAT pathway (17, 23, 25, 42) (Fig. 8 A-D and H and Fig. S5 ). These two mitogenic molecules signal back to the tumor mass to drive growth, as depletion of JAK/STAT signaling or Wg reduced tumor growth (17, 23, 25) (Fig. 8I) . These results highlight the nonautonomous and growth-promoting role of delaminating cells expressing Wg and Upd in CIN and polarity-impaired tumors. We then addressed whether the simple production of delaminating cells expressing mitogenic molecules was sufficient to drive tumor growth. Scrib or Dlg1 cell-polarity determinants have been shown to direct the planar orientation of the mitotic spindle, and failure to orient the mitotic spindle leads to cell delamination and JNK activation (44) . Mitotic spindles are oriented by the dynein/dynactin motor complex, whose cortical localization depends on Mud/NUMA. Blocking the death of Mud-depleted misaligned cells by expressing p35 or Ras-V12 was sufficient to drive tumor-like structures formed by Wg-and Upd-expressing delaminating cells located on the basal side of the epithelium and epithelial cells actively proliferating (Fig.  8 E-G and Fig. S5 ) (44) . Similarly to CIN and polarity-impaired tumors (23, 45, 46) , larvae containing mud/p35 tumors were developmentally delayed and became gigantic, and these tumors were malignant to the host and able to grow in allograft transplantations ( Fig. 8 J and K and Fig. S5 ). Interestingly, depletion of Wg in mud-depleted tissues reduced tissue overgrowth (Fig. 8I) . These results indicate that the simple production of delaminating cells expressing Wg, by means of compromising the planar orientation of the mitotic spindle, is sufficient to promote tumor-like overgrowths. As scrib-or dlg1-depleted tissues show defects in the planar orientation of the mitotic spindle (44) , the observed ectopic expression of Wg in polarity-impaired tumors ( Fig. 8D and Fig.  S5 ) is also expected to contribute to their growth.
We noticed that mitotic activity in CIN and polarity-impaired tumors was highly increased in the cell population expressing the tumor-initiating transgenes ( Fig. 9 A-C) . Interestingly, mitotic activity was restricted to the nondelaminating cell population and absent in Wg-expressing cells (Fig. 9 D and E) , suggesting that the latter cells are mitotically inactive. In CIN tumors, the Wg-dependent resulting hyperproliferation is expected to increase the chances of chromosome segregation errors and aneuploidy levels in the nondelaminating cell layer subject to CIN and, consequently, to augment the number of aneuploidyinduced delaminated cells expressing Wg and Upd (47) . In polarity-impaired tumors, the augmented cell proliferation in the epithelium, as a response to mitogenic molecules coming from delaminating cells, should also increase the chances of spindle misorientation and cell delamination, and, consequently, the pool of delaminating cells. We tested these proposals by manipulating the proliferating rates in CIN and polarity-impaired tumors and analyzing the impact on the production of Wg-expressing delaminating cells and on the size of the tumors. Overexpression of Drosophila Cdc25/String, which drives cells through the G2/M transition (48), or Tribbles, which arrests cells in G2 by ubiquitinating String and sending it to proteasome-mediated degradation (49), do not have a great impact on tissue size in otherwise WT tissues (Fig. 9L) (50) . By contrast, overexpression of String in CIN and polarity-impaired tumors dramatically increased the number of Wg-expressing cells and tumor size, and Tribbles overexpression reduced the number of Wg-expressing cells and the size of the resulting tumors (Fig. 9 F-K ; quantified in Fig. 9L ). We noticed that only those cells remaining in the epithelium were mitotically active upon String overexpression (Fig. 9M) , which is consistent with the proposal that the increase in the number of Wg-expressing cells is a consequence of augmented cell delamination. All together, these results indicate that a feedback amplification loop between delaminating cells expressing mitogenic molecules, which remain mitotically inactive, and the proliferative epithelium acting as source of delaminating cells drives growth and neoplastic transformation of CIN and polarity-impaired tumors in a TMEindependent manner. Whether delaminating cells are arrested in G1, as occurs in senescent cells induced in fly epithelial tumors caused by the oncogenic cooperation between Ras-V12 and mitochondrial mutants (51, 52) , is an interesting idea that needs to be elucidated but that could certainly explain their resistance to String overexpression.
Discussion
Tumor progression and metastatic colonization at distant sites rely on interactions with the surrounding TME (2, 53). The TME acts as a niche to provide secreted signaling molecules and growth factors that maintain the undifferentiated state of the tumor and promote its growth. Here we used two wellcharacterized and molecularly distinct JNK-driven epithelial tumors of Drosophila, the CIN and polarity-impaired models (23, 26) , to unravel TME-independent mechanisms that contribute to the unlimited growth potential of these tumors. We used the GAL4/UAS system to drive tumorigenesis in large territories, thus reducing the amount of cell interactions with WT epithelial cells. We combined allograft transplantation experiments with the GAL4/UAS and lexA/lexO transactivation systems to ablate TME cells and analyzed the impact on tumor initiation and JNK activation. We present evidence that genetic ablation of resident myoblasts or recruited hemocytes, by means of expression of the proapoptotic gene reaper, does not prevent tumor formation or JNK activation in CIN or polarity-impaired models. Our results support the notion that, in the absence of a TME, the growth potential of these tumors is determined by interactions between functionally distinct cell populations within the tumors (Fig.  10A) . It is interesting to note in this context that the two interacting cell populations within CIN tumors are clearly genetically distinct, as delaminating cells are highly aneuploid, whereas these two cell populations are genetically similar in RAS tumors. Cancer has been classically understood as a cell-autonomous process by which oncogenes and loss of tumor-suppressor genes drive clonal cell expansion. However, research in a variety of model organisms, including Drosophila, has unveiled the relevance of cell communication in tumor development (reviewed in refs. 3, 4) . Interactions between tumor cells and the surrounding TME, and between clonally distinct cell populations, have been shown to contribute to tumor progression and metastatic colonization. Our work supports the notion that intratumor communication also between genetically similar but functionally distinct cell populations can contribute to tumor growth. Remarkably, in all these relevant social interactions, secreted signaling molecules and growth factors play a similar role in driving proliferation and growth of tumor cells.
Interactions between tumor cells and the surrounding TME, and between clonally distinct cell populations, have been shown to be mediated by the TNF-α ligand Eiger and its receptor Grnd, which drive JNK activation, tumor growth, and invasive behavior (13) (14) (15) . However, the conserved JNK pathway can also integrate signals from a diverse range of stimuli to elicit an appropriate physiological response in vertebrate and invertebrate tissues. Here we used CIN and polarity-impaired tumor models in which cell interactions with WT cells are being reduced to present evidence that different routes, sensing cell-autonomous stimuli, are used in a tumor-specific manner to activate a common JNKK/JNK core that induces a shared tumorigenic transcriptional program (Fig. 10 B and C) . CIN tumors induce a large number of aneuploid cells, and the production of ROS in these cells contributes to JNK activation (25) . We identified Ask1, which was shown to be directly regulated by ROS through its binding to thioredoxin (37) , as the JNKK kinase driving JNK activation in CIN tumors. We present evidence that the JNKK kinase Wnd, which is activated by loss of cell polarity determinants (39) , drives JNK activation in polarity-impaired tumors. These results, together with our experimental data ruling out any role of Eiger and Grnd in JNK activation, support the cell-autonomous character of JNK activation in our CIN and polarity-impaired epithelial tumors and the TME-independent self-reinforcement mechanism that drives their unlimited growth potential.
Materials and Methods
Drosophila strains were obtained from Vienna Drosophila RNAi Center or the Bloomington Stock Center and are described in FlyBase. Antibodies were obtained from the Developmental Studies Hybridoma Bank or other private sources. These and other experimental details are described in SI Materials and Methods.
